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ABSTRACT 


A  iu»:nl  -ml rro  ana  i yt 1  on i "me tnod  t»  described  lor  dcco rh  1  iv, 

'  lifu;' u  l’ro:i,  H.ip-ii.;  1  t.c,  /in  :<!-•  ontn.ynt  Wed  I  n  the 

:  rl !'!  eat  I  i'fi  ri|'  seibronrl  r»<;  Hbmoitnht.  !’•  u.  The  nietiuni  was  otspes  I  ally 
developed  Cor  recover t n|'  etfiaamlntustB  adsorbed  on  catalyst  samples 
rendered  exploit! v<’  by  Incorrect,  no utref 

contain  ina:;!.  :i  are  rr>«-'i  Crvun  the  llopenl.1  Ui  b. par.nl rtf.' 

:•  !•••«»! -iri  Red  t-.  team  titn.t.'h  a  ..'.1  until  .1’  the  catalyst.  Th-i  various 
hr  (\  f'  <•!  .!•••!  !’ i'ori  the  column  success I  v*> l y  la  a  i tanner 
it.'.’i I to  to  a  i  (quid  « •  n  roma top. ram .  'll.e  desorbed  cunlaiilnants 
■  !"  ,••*••• -ve rod  !' tv.ii!  fit-  jjteic.  e.-.ndt  nniit.e  by  extraction  V  th  tin 

. ,  \n ' : 1 1, .  1  n I'm i*' * 1 1  {jpi-et.ra  •  unit  1  yncs  ot  con  .ami  nan t.o 

‘i/'n'-rhed  from  H<>prni  1  t.e  f-.!  iowitir.  its  -in*  an  a  catalyst,  Cor  the 
<!  jnt ■  ;i  ,--t‘  i  , ... ■  .  ,'^v  ij?  at*.  vsrl'Hiii  t eiitfw* ratu res  hus  ‘  rnvi<i  -A 
•\  :  it;  : ...  !  niiU'  <*x  post  fact.-  the  approximate  en.,  ratine: 

•  -••  >i  -'I yen  catalyst.  bed.  Stem;,  elution  of  bilk 

.* ( c j i i ty r, t.  j. ruv i tint  a  ipi I ' t •■■*  mv'n--»  *■!*  i-n ,  vn.-'i  n .*  expAus  vt;.i.i(. 

1  *. **-•:.  Innl.i  .(  -It!  a  1  yn!  , 

1‘ROBI.KH  STATUS 

Ti.ln  is  !  iit,<  i-  * rep;  we:v.  -n  tin.-  ptvb  Is  ..nt.l  iin  I  iv . 


AUTHOR! /'•ATH.fl 


SPECTROSCOPIC  STUDIES  OF  NUCLEAR  SUBMARINE  ATMOSPKERES 

I.  Desorption  and  Analysis  of  Contaminants  from  Hopoalito 

INTRODUCTION 

The  tremendous  underwater  cruising  capability  ol’  the  nuclear 
submarine  has  necessitated  greatly  Improved  methods  for  the 
maintenance  of  a  livable  atmosphere  aboard  the  vesBRu  The 
complete  problem  of  submarine  respiratory  habitability  is  a  com¬ 
plicated  one.  One  phase  of  the  problem  is  the  removal  of  any 
carbon  monoxide  or  hydrogen  generated  in  the  boat's  atmosphere. 

These  contaminants  can  be  removed  by  passing  the  air  through  a 
heated  oxide  catalyst,  known  as  Hopeaiite.  Hopcdlite  is  a  mixture 
of  cupric  oxide  and  manganese  dioxide  specially  prepared  to  have 
a  very  large  and  active  surface  area.  For  this  purpose  it  is 
used  in  the  form  of  U  to  8  mesh  granules.  It  catalyzes  the 
oxidation  of  carbon  monoxide  and  hydrogen  go  carbon  dioxide  and 
water,  respectively.  It  has  been  found  that  in  addition  to 
these  compounds  the  catalyst  also  causes  the  oxidation  of  a 
number  of  organic  contaminants  in  the  boat’s  atmosphere  to  carbon 
dioxide  and  water  vapor  or  to  a  lesser  degree  of  oxidation 
depending  upon  the  operating  temperature  of  the  catalyst  bed. 

At  the  minimum  temperature  required  for  “burning"  carbo^  monoxide 
and  hydrogen,  some  of  the  organic  contaminants  in  the  e.  ering  air 
stream  fail  to  react  and  are  either  adsorbed  on  the  catalyst  or 
discharged  without  change.  Others  are  only  partially  oxidized, 
producing  reaction  products  which  may  adsorb  on  the  catalyst. 

Still  others  are  oxidized  completely  to  carbon  dioxide  and 
vater  vapor. 

On  several  occasions  these  catalysts  have  produced  low 
°rder  eaqilosions  while  in  use  aboard  a  submerged  vessel.  It 
is  known  thut  these  explosions  are  triggered  by  a  rise  in  temp¬ 
erature  in  the  catalyst  bed,  or  a  part  thereof,  causing  the 
desorption  of  seme  of  the  accumulated  contaminants.  The  resulting 
^Pid  exothermic  oxidation  of  these  contaminants  raises  the 
catalyst  temperature  still  higher  causing  further  desorption,  etc. 

Several  changes  were  made  in  the  operating  parameters  of  the 
catalytic  burners  shortly  after  the  explosions  to  prevent  future 
°ccurrences.  The  most  important  of  these  was  to  raise  the  operating 
t«^>erature  of  the  catalyst  from  about  125  *C  to  325 ®C,  thereby 
increasing  the  rate  and  degree  of  oxidation,  with  a  subsequent 
reduction  In  the  amount  of  adsorbed  material. 

Samples  returned  from  one  of  the  nuclear  submarines  USS 
88(11)575,  however,  were  subjected  to  laboratory  tests 
•Bd  found  to  explode  at  temperatures  below  the  alleged  operating 
v*%>*rature  of  the  burners.  It  appeared  desirable  therefore  to 
Wtenalne  whether  these  so  called  "hot”  catalysts  were  indeed 
*w*»ed  at  the  usual  operating  temperature  (325*C),  resulted  from 
’l^War  operating  temperature,  or  resulted  from  adsorption  caused 


by  tho  continued  flow  of  air  through  the  catalyet  beds  after  burner 
,  shut-down,  A  laboratory  .method  is  therefore  needed  for  ascertaining 
ex  poet  facto  the  approximate  operating  conditions  of  the  catalyst' 
bed. 

EXPERIMENTAL 

Tic  approximate  conditions  under  which  any  given  catalyst  bed 
has  been  operated  can  probably  be  determined  by  analysis  of 
contaminants  adsorbed  on  the  catalyst.  Before  such  an  analysis 
cnn  he  made>  the  adsorbed  contaminants  must  be  desorbed  and 
separated  from  the  catalyst.  Tils  operation  is  considerably  more 
■UfPI cu it  than  It  might,  seem  at  first  because  of  the  explosive 
nuture  uf  the  ccmtaminqited  catalyst.  The  contaminants  must  be 
« tripped  without  partial  decomposition  or  without  exploding  the 
otti.niyui.-ci.mtaml nant.  mixture.  Activated  carbon  adsorbents  used 
In  submarine  air  filters  can  be  successfully  desorbed  by  heating 
lit  vacuo  and  condensing  the  distillate.  Ibis  method  is  undesirable 
In  the  case  of  the  contaminated  catalysts,  however,  because  of 
UuMr  possible  low  explosion  temperatures.  Apparently  the 
•■'-•ntn/nl Hants  on  Hopcalite  are  very  tenaciously  adsorbed.  At 
'.crape ratures  up  to  100*C  nothing  is  desorbed  by  this  method. 

Effecting  the  solution  of  Hopcalite  in  mineral  acid  and  extracting 
the  contaminants  therefrom  has  been  tried  as  a  possible  technique, 

•‘it  It  la  time  consuming  and  yields  unsatisfactory  resulta. 

Ar-'ther  method  of  releasing  the  contaminants  is  to  continuously 
filler  a  pure  solvent  through  a  column  of  the  Hopcalite.  After 
a  Period  of  time,  dependent  upon  the  relative  affinity  of  the 
adsorbent  for  the  solvent  and  each  of  the  contaminants,  the  latter 
"*li  be  washed  free  from  the  adsorbent.  This  is  Known  as  elution. 
Almost  any  solvent  for  the  contaminants  will  serve  as  an  eluant 
"-though  some  are  more  effective  than  others.  In  general,  the 
■■"ore  polar  the  solvent  the  greater  its  affinity  for  the  adsorbent 
the  .leas  time  and  solvent  is  required  to  displace  the  con¬ 
taminants.  Most  of  the  adsorbed  contaminants  on  Hopcalite  are 
probably  oxidized  to  some  degree  and  therefore  highly  polar.  This 
type  of  compound  is  strongly  adsorbed,  and  one  should  expect  to 
i3°  a  strong  (polar)  eluant  to  displace  them. 

8ome  care  must  be  exercised  in  choosing  the  solvent  to  be 
d«ed  as  an  eluant  so  that  it  does  not  react  with  the  catalyst, 
thereby  introducing  spurious  contaminant's.  Elution  with  ethyl 
alcohol,  for  instance,  even  at  room  temperature,  reeulte  in  the* 
l0n  of  Bome  alcDtl01  to  acetic  acid,  which  in  turn  react* 
th  the  Hopcalite  to  produce  acetates,  making  the  Identification 
or  original  contaminants  difficult. 

.  B^eed  on  the  above  considerations  water  appeare  os  perhaps 
the  best  eluant.  If  water  is  used  In  the  vapor  stats  (as  stsan) 
tr  stripping  power  Is  Increased  several  fold.  Steoa  flowing  down 
trough  the  column  of  adsorbent  tends  to  desorb  the  contanlnants. 


Those  contaminants  with  a  high  affinity  for  the  adsorbent  displace 
those  with  a  low  affinity.  The  contaminants  thus  arrange  them¬ 
selves  down  the  column  in  order  of  decreasing  affinity  for  the 
adsorbent  and  are  finally  washed  from  the  column  in  this  orde^, 
l.e.j  the  eluted  material  la  desorbed  at  varying  rates  of  speed 
analogous  to  a  liquid  chromatogram.  Steam  has  the  added .advantage 
of  volatilizing  some  compounds  which  are  Insoluble  In  water  thus 
increasing  the  range  of  the  solvent,  as  it  wore.  The  degree  to 
which  the  catalyst  is  stripped  of  contaminants  by  this  method  is 
not  known.  Low  temperature  explosive  samples  have  been  found  to 
be  drastically  reduced  in  explosivlty  sifter  a  few  minutes  of 
elution  however.  There  seems  to  be  little  likelihood  of  exploding 
the  catalyst-contaminant  mixture  when  using  steam  elution  because 
the  large  volume  of  saturated  steam  and  condensate  flowing  over 
the  catalyst  effectively  controls  its  temperature. 

A  50  gram  sample  of  a  typical  low  temperature  explosive 
Hopcalite*  was  subjected  to  steam  elution.  Saturated  steam  was 
Introduced  at  the  top  of  a  jlumn,  discharged  from  the  bottom  and 
passed  through  a  water  cooled  condenser  of  sufficient  length  to- 
cool  the  condensate  to  room  temperature.  The  steam  pressure  at 
the  top  of  the  column  was  \>  palg.  Several  equal  volume  (50  or) 
fractions  were  collected  before  stopping  the  elution.  Hie  desorbed 
contaminants  were  separated  from  the  condensate  by  two  or  three 
successive  extractions  with  an  equal  volume  of  an  appropriate 
K'lvent(s).  The  contaminants  obtained  upon  evaporation  uf  the 
solvent  were  dissolved  In  carbon  disulfide  and  examined  In  the 
to  15  micron  Infrared  spectral  region.  The  solid  residues  obtained 
■ran  the  evaporation  of  the  residual  water  were  also  examined  in 
‘.he  name  speetrul  region  either  u»  carbon  disulfide  solutions 
•  "  ap  KBr  pressed  disco. 

Tilt*  Infrared  spectra  of  the  various  fractions  (Fl.-u.  i  unu  ,») 
Indicated  the  presence  of  at  leant  four  or  five  different  <■- -mp-iundu 

one  of  which,  benzole  m  id,  could  !.<•  Identified  with  .-t  rial -,t.. 
Most  of  the  coritaminnntu  contain  the  earnenyi  group,  u-iw.-v-  r,  and 
#ne  probably  organic  ncldc.  The  coi.iponmlu  p vend  l*  it  its  the 
ceiidunl  water  have  spe-tra  ijlnitiur  to  those  of  metal  it--  ne.-t  a:  <  ,, , 
Concentration  of  some  of  the  ce-ntn/iM  nat,’  n  car,  tc  <•■■■ 

sbvetra  to  change  progressively  fr-  w  tract!  !.,  t'rh-t  i.  • 

Tilt-ae  cumpi uinds  lire  ll>e  ptiII  f  a  v--ry  e. -m! >2  s  ml.-.t 

u  atmospheric  contfunliinnto  partially  fen-- tli.e,  <•;,  uv  w« ;  /i : n  <  .  •; 

simplify  identification  id*  the  maier-'a-  adiv -rl-e  i  :■  * :•  -  atr..  , 

A  low  temperature  expk-nlve  ii- -pm  1 1 : ii.  a  .(«■  ,i  Mtn:,-|0  r. 
by  laboratory  tests  to  explode  at  n  temp- -rat  .i-e  * .  ;  w 
demanded  shipboard  operating  temp*  rat  in  (  ..  ;i  ,-n-  rn;i-i-,-i 

explode  nt  temperatures  conn  Id- rat ;  y  i-ej..v  tain. 


and  tc;  study  the  change  In  th'1%  material  as  the  operating  temperature 
of  the  catalyst  is  varied,  it  id  preferable  to  limit  the  study'  to  a 
single  pure  compound.  Toluene  was  chosen  as  a  representative 
aromatic  compound  for  this  purpose  since  it  has  previously  been 
determined  (by1  infrared  analysis  of  the  material  desorbed,  from 
u u  >•;  filter  carbon)  to  be  the  most  prevalent,  aromatic  In  the 
submarine  atmosphere.  Air  bubbled  through  toluene  at  jOO  ce/min  was 
passed  for  one  hour  through  a  bed  of  fresh  catalyst,  maintained  at.  a 
temperature  of  115*0.*  This  temperature  was  selected  sis  one  slightly 
Hru.'Ve  the  boiling  point  of  toluene,  but  below  the  melting  point  of 
i o  acid,  the  most  likely  reaction  product.  No  effort  was  made 
collect  or  analyze  the  effluent,  gases  or  vapors.  The  complete 
iitaly  of  the  reaction  products  formed  by  the  combustion  of  various 
v-iroearbone  on  Hoped  1  Lte  Including  gaseous  products  as  well  as 
;n’r  products  adsorbed  on  the  catalyst,  would  be  Interesting  and 
—  rluy  of  further  investigation,  but  .lone idle  less,  tv>t  germane  t<« 

'.pc  immediate  problem. 

The  reaction  products  adsorbed  sir:  the  catalyst  were  removed  by 
■'h.com.  elution  and  examined  spectrally.  Ar  expected  benzoic  »e|,j  wa„ 
the  products.  Four  <>r  five  otlie.*  reaction  products  couui 
differentiated  spectrally,  but  could  not  be  identified.  n»<> 

‘l!,' ' *■  l":m  J f  °he  of  tin.'  unidentified  reiution  products  Is  shown  in 
1.  Tin:  spectrum  of  this  •:•*■  .;nj>-  ,nd  ban  Ivon  -<>mpar*'d  without, 

•  with  the  spectra  of  nil  available?  compounds  reported  in  the 

•  •  ie mturc  to;  result  from  the  partial  oxldutl..*h  of  toluene  or, 

•••■■wc  '•atalyniuj.  The  compound  may  *.,«•  mu  -  riot.  previous;  v  known  t  , 

from  the  part. .nl  oxidation  .  f  to,. 

Increasing  the  lab -rat.  ry  rear t  1 . .?•,  temperature  to  ;'*!><)  *0  ‘resulted 

"  a'>muBt  complete  cc,:r,b us t ! i  :i  .1'  toluene,  fjt.enm  elut.lon 

•  '.'i'-  cat.nlyct,  fol  lowing  .eit-.iiu !  n  royoi:  • .  .<j  vr,y  little  adsorbed 
.  (u  i>t,i,.'iilnunui  iids-  rh'  t  cut  a  ,yi;.i  as  a  ri'imlt,  of 

i  tempo  rnture  combustion  were  present,  in  much  Dinuljcr  quantity 
••u  were  of  a  different  cparnct.er.  spec  _ra  1  l.y ,  t.h.ap  t.h'uie  res  1 1 1. 1  nr 
iuti  temperature  r> -mi, nil. Ion, 


The  CcMclush  !ili  fi.llV  ! 

e  *  and  high  t  ecp,.  1'IS t  u*f 
•ipn  iad,  Al r  bubbled  through 
;  ‘“  "he  n.  ur  .;.v»r  i|.-.p.-nl !  y  at 

’  ■'  "ntp  nun.  rh'-  i  ...  ,’aiii 


e.'  drawn  from  ti  :s; •  i. »*»i i  compur!  n  >n 
1  int!  >n  products  ,.,f  an  uilphntle 
vi*iiept,,,r.e  at,  i of)  re  min  we.s  passed 

.-ind  again  at  pug V;  and  t.he  con- 
i .vs'  in  "M  'li  cull"  n ?.r! pi  ttiut 


. .  j  r.-vl.  ui»;y  . tII.-.I 

’  t  ri  ef  h**a  vV  -  I  ■  In*  t  d  i:i  *  f  i  *  * 
plane  .  Cye  1  1  /.at  I  i,  T  in.*  n 
:  !  •  ue>|l>  (  wig,.*!,  A  I, it  .*•■,! 


■  It  in  !  n '  c  t*<  ■  i*. 1 

i*iW  tempera!  ,i*i 
-heplaie  ■  i.'eur  I*,.,; 

t.l.  M.e  f..  i  1.  Till* 


!  tig  '  ■  li  t, 

•  .n.l •  mi  ! , , i 
wi  in  (.;,<■ 
ar  ■:nht  i  /at 


ip',. 

•1‘  tif 

f,  i"h»i  1. 1 .  -n 


is  tempi;  min  re  in  ,* 
vfclaiybt.ii  which  or  ■!;. 
tc.mpe  rut. is rcu  ,.»e,u  \  .  ... 
ed'e  Late’l  tn.  .,;,.*  ,*.. 


one  the  ope  rat.  lug  t  ■  it.i  >*  ratui'e  r.f  tio  • 

••■d  tin*  ir'g'nai  ithlpi  ar-i  cxploul'  rm.  T; .. ■ 

'  it’  if  iii.M  l.y  t.l  ea  i  t- r.  ■"<  ■'!■,,  i*i .li,  however,  a  *v 
•.  :i*i* -d  f*  r  U!,i|  i  a :  *1  pernllei',. 


.i  . 


■  '  r.-hoptaajfj  chromium  and  molybdenum  oxide  catalysts  ie  known 
i  ,  Yir,-n  are  oxcell'-nt  and  th-  reaction  is  now  an 

••••;  *•<•:!  i  ::d’;otri»  •  me  liv'd  fir  the  preparation  of  to  i  .  15  i  mlJar 

•"  wUono  Involving  other  aliphatic  hydrocarbons  may  possibly 
-  •  >*  in  “the  H.-rirT: !!  t.,.  "r:0  V,  ;rnor"  at  least  nt.  this  tv-,1 
'•  .p.  nd.jn  . 

L'lSN'ISSTCN 


With  this  i n  form  at;  ion  it  is  now  feasible  to  consider  the- 
at  hand;  namely,  was  or  was  sot  the  low  temperature  ex- 
.  intie  catalyst.  returned  from -SEA  WOLF  actually  operated  at:  a 
temperature,  as  alleged.  Tlu.-  entire  sample  returned  from  the 
•i;;  •  T  autum ted  to  about  7 h  grams.  Fifty  grams  of  this  was  used  in 
do  term!  nation  of  the  desired  inf:  rmation.  The  in  i  nut*:  quantity 
•  adsorbed  contaminants  recovered  from  such  a  small  sample 
f!,--e  this  analysis  as  n  mtcro-determ ! nation . 

Stiner.  •.•i.ution  of  the  subject  sample  yioided  a  cloudy  condensate, 
*’  iev.  l-iped  into  n  tw.>  phase  system  on  standing.  Tne  clear 

p raise  was  essentially  the  same  physically  and  spectrally 
!.<••  the  ui  1*  desorbed  from  samples  of  main  filter  carbon 
■  d  f  NAUTILUS.  The  water- no  1  ub  le  contaminants  were  similar 
■■■  r-anilty  real  character  to  those  resulting  from  high  temperature 
m.ustion.  Ttuise  results  indicate  that  the  catalyst  In  question 
mr'n  'ndeod  one  rated  at.  high  temperature,  but  also  after  burner 
t  wn ,  was  allowed  tu;  remain  In  the  sir  stream.  During  this 
'  i  ;.i  the  co id  catalyst  acted  as  an  adsorbent  for  atmospheric 
■  ■ntft.mt mints.  Fortunately,  this  particular  catalyst  bed  was  not 
f'-rod  yp  aga  1  n  after  shutdown.  Future  practice  should  ensure  the 
’  T'i''1  >  perhaps  automatic,  removal  ,  f  the  catalyst  bed  1‘rnnj  the 
st.reo.-ti  upon  cessation  of  power  to  the  catalyst,  heaters. 

The  effectiveness  of  oteiun  elution  for  stripping,  contaminants 
;  ‘"igniy  reset'.  VC  adsorbents  could  be  Improved  by  increasing 
steam  preu-am*  (temperature)  and  elution  time.  Bie  low 
temperature  ey.plodable  Hopcal  1  tc  first  discussed,  which  was  steam 
" ' ';tetl  l’or  «  total  of  jO  minutes  and  dried  in  air  at  200 *C,  was 
b  ibflequently  tested  for  expludability  and  found  to  be  not  danger- 
'if>iy  explosive.  Longer  elution  at  higher  temperature  might  have 
t  u’ged  it  completely. 


Ihe  latter  has  been  spectrally  identified  as  essentially  paint 
thinner,  l.e.j  varsol.  It  may  be  desorbed  from  carbon  either 
by  beating  In  vacuo  as  previously  mentioned  or  by  steam 
alutlon. 
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Since  present  usage  consumes  about-  100  pounds  of  catalyst  (at 
#.00  per' lb.)  every  30  to  40  days,  it  is  economically  sound,  to,, 
'.insider  methods  for  Its  salvage  and  reuse.  A  modification  in  the 
design  of  the  "hydrocarbon  incinerator"  might  well  be  considered 
in  order  that  unexhausted  but  potentially  dangerous  catalyst-  might, 
purged  and  regenerated  by  complete  steam  elation. 

•0NCLUSI0NS  AND  RECOMMENDATIONS 

Steam  elution  is  a  satisfactory  method  for  desorb i ng  most 
contaminants  from  low  temperature  explosive  oxide  catalysts  of 
the  type  described. 

The  approximate  operating  conditions  of  a  Hop call te  catalyst 
used  for  the  purification  of  submarine  air  can  be  dete mined  ex 
poet  facto. 

Under  suitable  conditions  n -heptane  can  be  aromatized  to 
toluene  over  u  Hopeallte  catalyst. 

Steam  elution  is  recommended  as  a  suitable  means  of 
salvaging  unit  sized  batches  of  Hopcalite  which  have  become 
explosively  contaminated  prior  to  the  expiration  of  their  normal  use¬ 
ful  life.  Steam  elution  is  also  applicable  to  the  recovery  of  act¬ 
ivated  charcoal  saturated  with  hydrocarbon  contaminant  from  the 
boat's  atmosphere. 

A  more  complete  study  of  all  the  reaction  products  resulting 
•  ”'n"'  the  partial  oxidation  of  various  pure  compounds  in  the  presence 
of  Hopcalite  at  various  temperatures  would  be  Interesting  and  worthy 
°T  further  investigation. 


Figure  2  «  Pressed  Disc  Spectrum  of  a  Compound  Desorbed  from  a  L 
Temperature  Explosive  Hopcalite 


JJlure  3  -  Solid  Line  -  Unidentified  Reaction  Product  (in  Carbon 
jXftulilde  Solution)  from  the  Partial  Oxidation  of  Toluene  over 
Hopcalite  Catalyst. 

Dotted  Line  «  Carbon  Disulfide 


euHivc  Fractions  (in  Carbon  DUuHide  Solution)  Elut«d 
"  •'  Low  raturc  Explosive  Hopcalite  ^  “ 


